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APPLICATION OF A MINICOMPUTER AT DISTRIBUTION SUBSTATIONS 
FOR NON -PROTECTIVE RELAYING FUNCTIONS 
f 
·By Dennis Ray Smith 
... , 
ABSTRACT 
With the mass use of medium sized integrated circuit chips 
in computer circuits, a new generation of computers was born. In this 
···\" 
-
. . . . . . . . . . 
.. . - - - . 
. ... -, - . - . . ........ ,... .. ............. -·--group is a new cl~ss of machines known as -minicomputers. This techni- . . · 
cal advance along with improved manufacturing proces~es have produced 
machines that, while less sophisticated than their larger counter-
parts, are capable o:f real time operation at a low cost and in a 
small physical size. These minicomputers allow many applications to 
be considered that until now were previously unexploited by both the 
manufactUt"ers of computers and by prospective users. One of these 
applications is the use of a computer by the electric utility industry 
to perform non-protective relaying f1mctions at distribution level 
substations. Many of these f1.tt1ction such as instrumentation are now 
.. 
performed by the use of individual di.screte eircui ts. Other desirable 
:r,,--. :functions such as sequence -of events are presently not done since, a 
separate discrete circuit could not be,justified for them. The thesis 
includes a discussion of the functions now being performed by discrete 
circuits, those new ftm.ctions that would be desirable to perform but 
.. 
are not being served, and the furictio:ns from the above groups that 
· .. ~. 
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.. 
by an analysis of equipmen.t a~tlab1·11 ty, a feasibility study of a 
desirable system, and a cost -ana.ly.sis of such a system. \" 
The main findings :are that the functions discussed are 
fea:s·i:b"le, that the necess·ary equipment is available, that the aoft-
ware is feasible, and that the sy-stem can be cost justifi~d, i·f several 
functions are done, This leads t.o ·the conclusion ttiat the next step 
should be·. to ,write a functional .. spe.ci.f.ication for eaoh-··funct-ion----and 
then- J;>roceed with the implementatlon· o.f the proposed system •. 
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CHAPTER 1 
INTRODUCTION 
~ I 
. . 
Power system substation operation started like most other 
industrial control facilities, that is by manual operation. The 
operator would become thoroughly familiar with the operation and 
characteristics of his station and would know exactly what action to 
:I 
,,. a;.. 
. . ., ' "· .),·'.· . -·· ·-- . .. . •. . . . ········ - -·· .• ··,t·'' .•.. ~ -.-,-3··,;, ··~-· ·-.• ~---···--- -·-.. -.-- .. -~-·-·· .- .•. ~~,--·;, --,-,··~-~·~--.... _..,., ~-···::: 
take to correct any problem, Instrumentation was provided to enable 
the experienced operator to analyze the system operation and take the 
appropriate actions. 
As the system grew in size and complexity, it became obvious 
that the operator needed more help. This help came in the form of 
additional instrumentation and some simple automatic control circuits, 
However, conditions continued toward more comples operations. At the 
same time more stations were being built. This, In addition to 
increased labor costs, led to a complete automation of stations. 
J 
Stations were operated in ,this manner for a time, but it soon became 
apparent that equipment failure could go undetected and have cata.s-1 r·· 
tropic results. This was solved by installing remote alarms and 
operating stations manually during failtn'es of automatic equipment. 
As power system complexity increased it was noted that stations could 
not operate completely separate and independent of each other without 
adversely affe~ting total system operations. Supervisory control and 
data acquisition systems reporting to a central dispatch center we;re 
used to solve this deficiency. 
3 
·I [,' 
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The ·above brief history outlines the. situation up to date with 
respect to power system operation. It should be noted that several un.:.. 
de~irable conditions still exist and these, in fact, are growing worse 
with time, system growth, and increasing circuit canplexity. Among.these 
problems are the following: 
.. 1. During periods of equipment failure, these· locations · 
may be operated manually. However, now the operators 
are unfamiliar with the station's unique characteristics. 
--· ·- .. -.---·.-··-· -~, ... ~--
:\ 
2. Data acquisition systems are centralize~ and limited 
in the quantity of data that can be monitored from indi-
vidual stations. 
... 3. Dispatch operators are now handling supervisory control 
and data monitoring functions. This has greatly increased . 
their work load. 
4. An increasing number of complicated control schemes are 
needed for autcmatic control. This increases the number 
. " 
.of circuits that require maintenance. This also increases 
the possibility of a failure which in turn, reduces the 
system reliability. 
5. Redesign of the configuration of the stations continues 
to become more frequent due to system growth. This recon-
figuration is more difficult due to the larger mmnber of 
control circuits present. 
6. Due to increased interaction of locations, more actual 
system data is needed for future planning. 
.4 
''}· .: ··-------------- - -
,J 
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' ·,-. 
\. 
,..,. 
-~ 
7. When a failure or misoperation does occur, the increased 
complexity of the control schemes makes it more difficult 
to analyze the problem and to take corrective action. At 
the same time, reliability requires quicker restoration 
of service. 
These are some examples of the proble.ms. ·others exist.and, along with the· 
above problems, will be covered in more detail in the following sections. 
The question now is "what can be done to solve these short-
" 
.. 
. ~ , . 
comings and offer more efficient operations?" This paper proposes the use 
of a local substation computer and provides an ev~luation. of its effective-
ness·· and practicality for this purpose. .. 
. T 
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~- CHAPTER 2. 
PRESENT PRACTICES 
The first (and greatest) step of solving any problem is to 
first define it. This will be accomplished by looking at the present 
practices and at the additional functions which may be desirabl·e. 
This will be done in this and the following chapter. 
'" 
T() define any problem, one must have a base or model as refer-
ence. The mo.del ~µs;~d in this :@P~r wi_ll be a typi~l distribu~ion ~ 
* level substa_tion as presently used by a s:peeific utility company. 
While details, practices, and equipment may vary from company to 
company, it is felt that this model is representive of stations of this 
type and will yield a typical picture of the needs in this a:rea, 
This model substation will be called "Anytown Substation," A 
one-line schematic of Anytown is shown in Figure 1. This station 
n- consists of two transformers each supplied from the transmission system 
by a separate line through a set of power fuses. Each transformer is 
connected to a low side bus by a power circuit breaker. This bus is 
separated into two operating sections by a bus sectionalizing power 
circuit breaker, This low side bus then connects with up to eight 
distribution lines through power circuit breakers. These lines are 
radial and no backfeed is assumed to exist on them. This.station 
.. 
operates automatically and tmattended with monitoring provided by the 
central dispatch center. During periods of equipment failure or emer-
gency conditions, the station may be operated manually. Now the specific 
areas of present practices can be discussed in detail. 
* Pennsylvania Power & light Company 
·, 
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ONE LINE SCHEMATIC OF ANYTOWN 
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Instrumentation 
Instrumentation can be broken down into two general categories: 
. 
1) instrumentation used on a local basis-·;· and 2) instrumentation that 
reports to a remote. location. In particular, this remote location is the 
'Central dispatch center. Remote instrumentation will be covered in a I·. I. 
'"' . • "l 
I later section dealing with supervisory· control. The local instrumentation 
package used at Anytown is shown in Table 1. The·s·e local meters are used 
during periods of manual operation, for load studies, to monitor long 
. - "'~ . . ·,- • . 4. . . -·' .. ~ '. .. ·- - . .• " 
range equipment loading, and to provide records of service • 
. .
Indicating anmeters are used on each transformer power circuit 
breaker and on each distribution line power circuit breaker. One of the 
uses of these meters is to verify that all three phases correctly opened 
.. · ·~: ... ' 
or closed following a power circuit breaker operation. This check is in 
addition to an indication of the breaker mechanical position. A second use 
of the ammeters is to take load readings prior to switching moves. Such 
switching moves may be necessary to remove a breaker from service for 
maintenance. These readings are used to· determine where, ir at ail, the 
load can be transferred. This applies to when either a distribution power 
circuit breaker or a transformer is to be removed. In the case of the 
distribution power circuit break.er, load is transferred to another distri-
bution line by way of an inspection bus and appropriate air break switches. 
For a transformer outage, the second transformer 'Will carry the load. 
The next type of meter 't.o be discussed is the therm.al indicating 
deIJlaild ammeter. This meter displays the integrated demand current as 
determined over a fifteen minute .Period and registers the high.est value 
,, 
.. 
'I. 
8 
.J 
LOCAL INSTRUMENTATION PACKAGE 
Transformer No. 1 
Transformer No. 2 
Distribution Line 1 
Distribution Line 2 
Distribution Line J 
Distribution Line 4 
Distribution Line 5 
Distribution Line 6 
Distribution Line? 
Distribution Line 8 
Bus Section 1 
Bus Section 2 
'.1' ·, 
:, 
· indicating 
ammeter 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Table·-1 
0. · ..
7 
demand 
ammeter 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
.. 
indicating 
voltmeter 
X 
recording 
voltmeter 
, . 
. ,. 
'· 
';;.,;J 
... · 
. '1 
X 
X 
.. 
'·~. 
--.· 
· reached. This reading has no local use but is incorporated with other 
data to provide load reports that will be discussed later in this section • 
.. ' Voltage monitori:p.g is accomplished by means of ari instantaneous 
indicating voltmeter. This monitoring is done in each sect.ion of the bus 
that can be operated independently. One of the uses of this meter is 
to verify _all three phases are energized or de-,energized following a 
switching operation. A second use of these meters is to provide data for 
load reports • 
.. ····- _ .. _ --~· -- .. ' -- -· . 
A second type of voltage monitoring is provided by a recording 
voltmeter connected to each bus section that can be operated independently. 
The use of this meter is two fold. First, the Pennsylvania Public Utility 
Cormnission requires that a record bekept on file of the voltage level of 
the distribution system. This is to ins.ure the supply stays within the 
limits required by law. The seeond use of these meters is to provide a 
record of the time variations in voltage so appropriate corrective actions 
(i.e., additional capacitors, transformer tap changes, transmission system 
voltage schedule adjustments) can be made before limits are exceeded. 
, No permanent installations of watt or var meters are made at the 
1station. When such infonnation is needed, temporary meters are installed. 
This is usually done twice a year; during the three month summer peak (June, 
I 
July, and August) and during the three month winter peak (December, 
January, and February). These meters are installed in each station for 
a one week period and are recording meters with an eight day chart that 
I 
records integrated values • The charts are then forwarded to the Central 
Office for inclusion mn load reports. 
1·0 
,I 
•• j 
.11 
. . 
,: . : .... ··-· '· -··- . 
·, ' 
As mentioned ·in the previous pa.ra.gra.phs, one very important 
" 
use o-f the station instrmnents is to provide data for reports on system 
conditions, possible operating restrictions, and load growth studies, 
Data for these reports is normally collected during the monthly inspec-
tions performed ·on all unattended stations. During this check, all 
. 
. 
station meters are read and r_ecorded along with the data and time on a 
data sheet. At this time, the recording voltmeter chart is retrieved. 
This chart and the data sheets are then forwarded to the Central Office 
for processing. Also, the charts from the bi-yearly watt-var survey 
are forwarded f-or processing. From all the above data, several reports 
. 
are generated and forwarded to other departments for action, These 
reports have three main uses. First is to monitor actual system growth 
and to determine when new or additional facilities will be necessary 
to support load growth. The second use is as a guide to the Operating 
.. 
Department as to load and how it may be transferred. The third use is 
to determine when transformers,must be replaced with larger ones, 
Another use of the meters is to gather data on peak load 
conditions. This consists of reading station meters in mid-December 
to determine peak loading. This report is prepared prior to the 
expected winter peak and is a last minute check on load estimates. 
The measured loads are checked against overcurrent relay settings to 
:c;. verify sufficient margin exists between load and the settings to ensm.-e 
a l,ine will not trip due to high load current. This report will also 
point out any-.. potential trouble areas such as transformer overloads. 
I • -·~ 11 
~-
·., 
-·- ~-
If a:ny of the above reports indicate a ·change or a ·condition 
·that warrants further investigation, a more detailed study may be required. 
This study consists of connecting kw-kvar meters to each transfonner and 
feeder· for a specific time period. This may also include .. installing tem-
· porary metering at various points on the feeders • This data is then 
analyzed to give mor.e detail as to load patterns, powe~ factor, diver-
., 
sity, etc. 
I '' 
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· Control 
All local manual e.ontrol ·and some automatic control actions 
not directly associated with protection are discussed in this section. 
Remote control functions dealing with supervisory control will be 
. covered in a later section. 
Local manual control of power eircui t break·ers is accomplished 
by the use of an electrical control switch. This control switch over-
rides all other control. If a line is faulted and the switch is thrown 
··· · to··the close position,· the breaker will close ·even though protective 
relays will immediately t.Tip it out again. To prevent the breaker from 
closing, tripping, and then closing on a faulted line, an anti-pump 
circuit is included in the breaker control scheme. A circuit is also 
included to prevent automatic reclosing or supervisory control if the 
circuit breaker is tripped by the control switch. Verification of power 
cireui t breaker action is made by the use of indicating lights. This 
will be explained more fully a little later. 
A second form of control is automatic reelosing facilities. 
These reclosers a.ttempt to reelose a power circuit breaker following a 
trip action due to protective relaying operation, Our example of 
··-f ..... 
Anytown Substation has single-shot reclosing on each transformer power 
circuit breaker and on the bus sectionalizing power circuit breaker. 
In addition, three-shot reclosing is provided on each of the distripu-
tion line power circuit breakers. In the case of the three-shot 
reclosers, the spacing between attempts can be varied by haz-dware 
changes. Normally, these attempts consist of one immediate try and two 
13 
·:.~ _,_:___ _ .. ' 
' I 
._, ,;,: 
I 
1. 
I 
·~ 1 .. 
delayed tries. However, on certain oper~ting conditions the first try 
is delayed. These operating ·conditions where the first try is delayed 
area 1) one transformer power circuit breaker open, 2) 1:>alanced power 
. p 
' 
' 
relaying blocked, or 3) transformer summation overcurrent relays picked 
up. The reclosers contain a circuit that will place it i·n a lQckout 
state if all reclosure attempts fail, This eircui t can be reset when 
the breaker has been manually closed and remains closed for several 
seconds. If one of the automatic reclosing attempts is successful, the 
• • recloser resets providing the brea.ker' remains closed for, severai· .. , , .. •, . ·--- ·- .,.-.-,C ............ ·tr ., .. ,. 
seconds. 
A third control function present at some distribution substa-
tions is the control ( 1 ) of 66 kv swi tehable capacitor banks, These 
capacitors are needed during periods of heavy kvar loading to supply 
reactive support to the distribution system. However, kvar loading can 
vary widely during daily load cycles, This makes it necessary to 
switch certain capacitors off during periods of light kvar loading. 
This switching off-line of excess capacitors is necessary to prevent 
increased losses, overvoltage, and possible generator instability, 
A wide range of controls are available to perform this switching. 
Among the methods used are time switches, thermostats, current sensing 
controls, var and watt sensing controls, voltage controls, combination 
controls, and voltage controls with time bias. The type of control 
presently used on the capacitors at Anytown is a combination of time and 
. vol ta.ge control. This control is accomplished by the use of a time 
clock, a contact making voltmeter,and associated hardware. Provisions 
are also provided so the capacitor ean be operated manually, This manual 
14 
.. 
1'' 
I 
I 
--· control will override the automatic control and can be accomplis·hed by 
local command or by supervisory control command • 
A fourth control f\lnction·that exis~s at Anytown is the use of 
· load-shedding ,equipment. The function of this equipment is to automati-
' ' 
cally ~rop a percentage of the system load when a potential blackout or 
system distubance occurs. The present method of detecting such.a condi-
tion is to monit.or the system frequency when it drops below a present 
value. Load-shedding is in·itiated in an attempt to match load with availa-
------- --------····--·-""' - --·---·,• -· • ··--- -- --
-----·- Os•- -·--···--·-····· .. - • - -·-········--· ••• 
------··- ~---· .. -·--··" ., __ . .. - ---- ----- - - --· 
, "o 
ble system generation and to restore system frequency to its normal level. 
The tripped lines remain out of service until reset by ·either manual control 6 
of by supervisory control. No automatic restoration is presently provided. 
While other control circuits exist at Anytown, the ones discussed 
above are the main ones. Other control circuits can be suggested that 
would improve the operation of the station, and sane of these will be dis-
cussed later. 
Ji: 
.. ; 
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Indication and Alarm 
' As with any automatic equipment, failures and mis operations must 
' 
. be reported as quickly as possible so corrective action can be taken. 
Also, even during correct actions, a record of dccurrerices is helpful to 
aid in design analysis and evaluation. This type of function is discussed 
in this section.· 
Probably the most important group in this function is the alarms. 
These alarms are to alert personnel to the occurrence or likelihood of 
. 
occurrence of trouble or equipme.nt malfunction. At Anytown, these alarms 
~ 
are grouped to form a high priority class and a low priority class. These 
two classes are transmitted to a central dispatch center by supervisory 
control. A man is then dispatched to the station to investigate the 
situation and find the problem. The status of each alarm condition is dis-
played at the station on indicating lights located in the appropriate 
equipment. In addition to these two classes of alarm, the automatic trip-
ping of circuit breakers is reported as an alarm condition. More detail 
of this will be given in the section discussing supervisory control. 
Indication of circuit breaker position is necessary to allow 
quick restoration of service after a tripout, during maintenance, and during 
switching operations. This is provided by indicating lights next to the 
control switch. Two different colmred lights (one light on when the. breaker 
is open and the other one on when the breaker is closed) are used to give 
reliable indication. By using two indicating lamps, a failure of one or 
both will give no indication of position rather than an incorrect indica-....... -........ .. 
tion. 
16 
'· 
.. 
A second use of indication is to show state of control functions. 
An example of such indication in control functions can be seen by looking 
at the recloser function. An indicating light is provided at the recloser 
that will lig~t when the circuit breaker recloser has gone to the lock-out 
position. 
A third use of indication is in the area of circuit continuity 
checking. One such test involves the checking of the power circu'it breaker 
trip coil for continuity through th_e use of an indicating light connected 
. - .... ------ .. -- ,... ...... ··-·' -·-····----~·-· - ... - "~-------- .· ... --· ·- ··---·" .,~_ .. _ .,. .. :,. __ ........ - ----· ..... -~- ---- --- -- .. •. . ' .. _ -. - ... -· -· -
in series with the coil. This lamp is checked during periodic station 
. \ ' . 
inspections. other similar tests are performed on certain other critical 
circuits. 
A fourth use of indieating lamps is to monitor the presence of 
control voltages. This includes DC control voltages, AC control voltages, 
and relay potentials. These lam.pg are checked during the periodic inspec-
tions to detect trouble and are used to trouble-shoot problems at the 
' 
station. In addition, the indicating lampJ are used, along with voltmeters, 
to verify that all three phases are energized • 
•. :·o:: 
.. , ~ - ".: 
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Supervisory Control 
Presently, supervisory control of Anytown is by means of a . 
SCADA ( 2) (Supervisory Control and Data Acquisition) System~ This. 
System consists ·of a computer based system located in each company 
op~rating area. This system has .the ability to control certain sub-
station functions, to read status of deVices in the station, and to 
read data such as analog information and digttal counters. In addition, 
the master station communicates with a system pqwer control center, 
~ • ,l '., ... 
', ., ~.:· .. ~·.,··.' ! ~. ,l,'","i?,. J. ~·. \. 
This communication ··consists of retransmission of the status and data. 
At the power control center, this is used to give an overall picture 
of the condition of the entire system and to give operation information 
such as where a line outage may cause an overload. The operating area 
master system interfaces with a system control operator by means of a 
CRT. 
The input portion of this system is called a supervisory 
remote, It is located at the substation and interfaces the substation 
with the master control via a telephone line. This remote is connected 
such that an operator at the master station can trip or close breakers, 
can monitor breaker position, and can check line loading and voltage. 
In addition the master computer is continually monitoring the position 
of devices and will alarm if an uncommanded change occurs. Likewise, 
the master computer checks analog values to make sure that they are 
within present limits and if not an alarm is given to the operator~ 
Table 2 shows the functions covered by a remote. 
The control and indication functions consist of control and 
. . . ~ 
, . 
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SCADA FUNCTIONS 
Control and Indication 
Ea.ch Power Circuit Breaker 
Underfrequency Relay 
.. - ··--·--·--·-·· .... ~- · .. ·· .. •·'.• .. ,--"'· .. ·.·-. - .:··-· .---.-.... -. .. ····-·····-······-··-·-··-··-··· --- ·- . -----
Capacitor 
Indication and Alarm 
Low-Priority 
High Priority 
" "\. r . ~,.- .. . . .,. 
Supervisory Equipment Failure 
Analog 
(Trip-Close) 
(Block-Unbloc.k & Operat,e-Reset) .. 
(Trip-Close & Automatic-Ma~ual) 
Trans 1 Trans 2 Distribution Bus Capa.ci tor 
3 Phase Amps 
3 Phase Vars 
3 Phase Watts 
3 Phase Volts 
X 
X 
X 
X 
X 
X 
TABLE 2 
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Line Section Bank 
X 
X 
X 
X 
X 
·.· :,, 
. ··-. -·:-'~ .. ...• . . . . ' - . .. ~-- · . 
. ._;_· .... , .. 
'. ' 
.:~· 
q_ 
,· ., ':' 
; indication of every power circuit breaker in the station and control ~ · 
and indication of certain auxiliary relaying ft.mctions such as under-
frequency relaying and capacitor control. For underfrequency relaying, 
this consists of the ability to block the relay from service, to un-.... 
block the relay and return it to service, and to reset the relay after 
.i't. ha.s operated. Indication ls. provided to. st{ow if the relar is in 
-service or blocked and to .show if i:t~ :has operated or not. For capacitor 
control this consists of the.ability to select automatic operation 
• 
.: ... 
·, 
-~f.t4-ma-,and,c.Jl.O-ltag-e.:-·-bia&.;q.o.ntrol)-_· qr 1m.anual .:.opei;ation. ~ and:;:,air.::-~:indt·cati:a:n-~·- · .. ·:·. -., • -~.-:--:~::--.:·c: ...... -···-···· • • 
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as to what state is in effect. Manual operation allows the capacitor 
' to· be swi tcl:led· on or off regardless of the time or voltage conditions. 
The indlcation and alarm function is normally made up of 
points that can be ~s.ed .. to transmit alarm conditions. Normally two 
\ 
classes of alarms a:re ·provided. These were described in the :previous 
·s:~·ction. dealing with indication and alarm. 
-The third function provided is the telemetering of analog 
data. This includes single phase bus voltage :for each lndependent bus 
section, three phase amperes and three phase vars for each of the 
transformers and feeders for each dis+.,ribution line. Fronf this data, 
the computer calculates the three phase power readings for ·each trans-
former and for each ____ distribution line and displays it to the opera tor. 
Indication status is checked every two seconds by command · 
from the master. Memory at the remote is provided to enable short 
duration events such as automatic reclosures follQwed by immediate 
tripouts to be detected. Analog data is normally scanned once every 
five minutes. This scanning is initiated by the master and is increased 
20 
,\.·,'; 
if a breaker change of status is detected or if an operator is looki~ 
at that station on his CRT. The scanning is then advanced to a ten 
... ,.~ 
.second rate. Supervisory control of breakers can be individually 
bl.ocked by ·means of switches on the supervisory equipment. This allows 
a le>;cal switchman to operate a device without fear of the operator · ", 
at the central dispatch area also attempting to operate it. 
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CHAP!·ER 3 
ADDITIONAL DESIRABLE APPLICATIONS 
.. 
This section describes some functions that are very desirable 
of this type of substation but which presently are not provided for due 
to the high cost of discrete circuitry to accomplish the desired results. 
They represent a portion of control and intelligence gathering that pre-
sently does not exi~t. This list is by no means complete but is meant 
',. 
1 '• " .. • !•. ~·-. '"-' .\.· , 
; 
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Sequence of Events 
' Af'ter a substation operation, the incident is studied to deter-
mine the conditions surrounding the event and what res-ults occurred • 
. This information i~ helpful in analyzing any misoperation and to pinpoint 
the cause. Regardless of whether the· operation was correct or not, such 
information is helpful in determining potential future problems and design 
flaws. Also, this information contributes to improved new designs • 
Possibly the most useful data would be the sequence in which 
events·····o·ceur" and/ ·th·~·ir··f·t,ir11:tng ·(·re·1at·1·orrship·'·to · · ·each··--other.-' · ··· ;Pres·ent"'ly; ···the ·~ 
I 
,protective relays are provided with mechanical targets that drop into view 
when the relay operates. The targets are then reset a:rter the disturbance. 
This requires a man to be sent to the station before the next disturbance 
occurs. In any event, ho time relation exists between targets. Experience 
has shown that these mechanical targets are not always reliable. One 
example of this is that a transient condition may occasionally drop a tar-
get without the relay actually operating, · Another example is that a target 
:may stick and fail to drop. A third reason. for an incorrect indication 
is that several disturbances may occur before the targets can be read and 
reset. This causes confusion and makes all targets at the station useless. 
This is especially critical if a misoperation has occurred and the cause 
must be found quickly. 
,) 
_,1 .. ·· 
. 
Fa u1 t R eco;rding 
The purpose of this is siI!lilar to that . of the s~_µ.ence . of 
. . 
events discussed previously; i.e~, to aid in· post disttirbance studies 
and to provide engineering data. More __ specifically,· fault recording 
+nvolves analyzing analog quantities such as voltage, current, and 
power before, during,·· and after disturbances. This incl,1d_es d.etails 
such as magnitude, freqltency,· and angle. As wlth sequence of events, 
. this informatj_on is u.seful in analyzing misoperatio.ns.,~ predict,ing 
• 
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. '· • 
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' 
/ •.,/' , '" l • I ." c ·• 1- -. ' • ·,• future problems~ analyzing equipment shortcomings, a.ndin planning 
equipment maintenance. In the area of equipment maintenance, an 
example is power eircui t breaker maintenance. One method is to 
simply count the number of operations. An improvement to this is 
to also use information as to the severity of the fa u1 t as well as 
the number of operations. With this information and an appropriate 
algorithm,· a much more accurate and conservative maintenance schedule 
would be possible. 
In the area of analyzing misoperations and in future planning, 
detailed waveshapes are desired of both prefault and post-fault data.. 
This allows studies to determine what may have caused the fault and 
to determine what effect this had on the system. 
1,, ~ ••• 
. !. 
~ 
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Overload Monitoring 
Transformers and .lines are designed for certain normal ratings. 
• .,J.I 
-· l{owever, occasionally it is necessary- to operate equipment. beyond its 
normal rating due to emergency or abnormal, conditions or due to equipment 
outages. An example of this can be seen by looking at Anytown Substation. 
Assume total station load is 30 mva. Since there are two transformers, 
each would carry 15 mva. Now suppose one transformer was_ out of service 
for some reason. The entire station load would be on one transformer. 
' 
. -.. 
_ ~ '.For··: .. tlt±S'":·.-tt-atts·tormer·"''tb~'not···be· ·overloaded·in.-· this···'9.9ptigµration wguld re~_. . . -- .,.".-...-·"·~--·-- __ , -- ·-·. --··--·- --~- ·- ·-'· ··-•·---- • -· -- . --··· ~'!'·'-.r· ··~· r-·. . ·. . ,..___ ·------ . . . ----· . ~. .. . .~ - -· - .. .. ·- ,. ,· ~ •· 
. 
quire the rating to be at least 30 mva. However, this means that most 
of the time the transformer is carrying less than half its rated capacity. 
Aside from the fact this results in considerable extra capital investment 
setting unused moot of the time, transformers are less efficient at lower 
loading than at rated loads. This, in addition to the fact that short 
term limited overloads do not result in appreciable loss of life, has 
;, .. ~.-;-~:··· .... 
lead to the use of smalle/ transformers. (3) Such operation takes into 
account that under emergencies, some loss of life is acceptaple. The next 
question is how long and how severe an overload should be allowed to 
exist and how quickly action such as load transfer or load shedding is 
necessary to stay within loss of life guidelines. 
A similar situation exists with transmission and distribution 
lines.·· With lines, overloads may result from load transfers from adjust-
ment areas to alleviate a problem at a neighboring station or may be due 
to unusually heavy loads. Additional considerations are necessary with 
I these lines. · Among these are the maximum allowable sag and the. co:nd.uctor 
25 
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annea,ling point. 
One method of finding safe overload limits is by the means of 
a computer sim11la.tion, Programs of this type are :presently in use by 
. 
many ut,ilities. Normally these are programs that a?:e run off--j_in~ on· 
the Company's corporate facilities at the central office. Inputs to 
these programs include equipment characteristics, present loading 
conditions, ambient temperature conditions, and past loading (several 
.hours past). From this, expected loss of life projections are made, 
'. "\ . 
ffowe·ve1~,~,due····tQ''~=t~·~~,t:a:et::··that:·,,thes·Er·pr_agra.m'i~~u-e:~tft)t availabl'e- ·1ocalJ:y,~ '"_'~.~.- ~~,/: :· """C",' .,,. 
are not real time, and much of the detailed input data is not available, 
not all the potential of this type of program is utilized, The ideal 
situation would be to have such a :projection available to an operator 
on a real time basis and reflecting the exact system conditions at 
that time. This would allow maximum utilization of available equipment 
at the time it is most critically needed, 
}, 
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Brownout Control. 
· During periods of severe system load demand, coupled with 
excessive equipment failure or outage, it is possible to reach the 
point where load would exceed supply, When this occurs, adjustments 
must be made to equalize them or an underfrequency condition will 
develop. Operation under such an underfrequency condition would result 
in severe equipment damage,· both for the utility and the consumer. 
-·. '! 
Underfrequency (load shedding) relaying is provided to prevent total 
' 
, . 
1 , 
· a 
. ·system· colliipse,· . -However,· ~a method,,-.is -needed··to -prevent"-,.conditions·-~ --- -· -
from reaching _this point. P:resently, several steps are taken to prevent 
this, First, there is voltage reduction and requests to the public 
for voluntary load curtailment is made. Finally, selective areas are 
dropped f'rom the system in an order of priority of their loads (lowest 
prie:r;~ ty first). To minimiz:e the effect of this, load is dropped for 
approximately 20 minutes. It is then picked up again and another area 
is dropped. This continues until the crisis passes. This alternation 
of the brownout area minimizes the re-energization shock to the system 
by picking up the load before all the benefits of load diversification 
are gone. Presently this requires manually dropping of load and then 
picking it up and alternating to another line. This is done manually 
at each station. This could be done by supervisory control if avail-
able; however; the system operator is most likely busy with transmission· 
circuits and other details during this period and cannot spend the 
}·' 
time to:- plan and execute these load transfers, It would be desirable 
to have a system which either by operator request or possibly by its 
., 27 
,. 
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-~~ $,' ,. . 
own monitoring co'!1d preform this switching, and, by knowing the load 
priority,- could plan an effective pattern· of brownouts. One possible 
'• 
way to automatically initiate this would be by detection of an tmder-
' frequency condition or by detection of a low voltage condition. This 
automatic switching pattern could continue until manually terminated 
or system conditions return to normal. -
:,.: 
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· Printing Instructions 
' This feature can be broken down into two categories • · · First is 
fixed. pre-written instr.uctiozw. de~ling with station characteristics. 
Second is operating instructions and directions that may originate from a 
remote location. 
The first of 'these (pre-written instructions)·· are necessary since 
each station is not permanently manned and, in general, presents some 
unique features relative to other stations. Therefore, some guide is 
,; 
prepared and issued for use at the station. In some cases these instruc-
tions may be brief and an experienced man may not need any at all~ How- · 
ever, it would be good to have a reference available. This may also take 
the form of a set of warnings or special considerations for the stations 
or sets of such information for different operating conditions. This 
could also include maintenance considerations such as a check list of 
items to be done. For example, when working on a portion of the relaying, 
certain circuits must be blocked from service. Possibly an instruction 
could be made available listing the circ~its and points where blocking 
should be applied. 
The second class of instructions are operating or switching 
instructions. For example, if the System Operator wishes to have some 
manual st:litching done (possibly on non-controllable devices such as dis-
connect switches or fuses), presently he writes a switching order. '!'his· 
is then transmitted by voice over telephone or radio to the man at the 
station. He writes this down and then re,a.s it back. The operator then 
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compares it with.what he sent to verify it it is correct. The switchman 
then takes this order along w~th him and does everything in exactly the 
order stated., A much sµD.pler method would be to have this information 
' 
, transmitted directly as the System Operatqr wa~ making the order. The 
· switcl:nnan would then have a printed list of actions. This would alsn 
t. 
' 
eliminate the problem of illegible handwriting and any resulting confusion • 
. • 
./1.. ~ 
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CHAPTER 4 
DISCUSSION OF PROPOSED COMPUTERIZED APPLICATIONS 
. Now the previously mentioned present practices and the desir-
. , 
able applications will be investigated to determine haw they might be 
implemented through the use of a minicomputer. No attempt will be 
made to define s·pecific approaches but rather general concepts will be 
outlined. 
I ' 
. i 
' I 
, .. , 
I~rumenta tion 
A review of the requirements for instrumentation at Anytown 
Substation shows that the following inputs are neededa three.phase 
voltage, three phase current and three phas~ power (both real and re-
active). These values should have a response time in the order of 1 
second. One pc>ssible me·thod of getting these quantities is to monitor 
voltage, current and phase angle.· From these quantities, all other 
quantities can be calculated from the followi~g. equa~ionst 
P Real = V I COS e n n n n 
P Reactive =VI SIN e n n n n 
P Rea13¢ = f: VI cos en = i'i P Real - ' -
n=1 n n 
P Reacti ve3~ = i_ ·.VI SIN e = i:_ n n n n=1 n=1 
P.F. = COS e 
n n 
Where V = phase to neutral voltager in phase n, n 
I = phase current in phase n, n 
. 
e = phase angle between V and I , n n n 
n 
P Reactive 
P Realn = real component of phase n power, 
P Reactive = reactive component of phase n power, n . 
P Real3~ = real component of three phase power, 
~ 
n 
,; 
P Reactive3¢ = reactive component of three phase pawer, 
P.F. = power factor of phase n. n 
By :using the input quantities and the above equations, all 
instantaneous quantities presently used in instrumentation are 
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available, The only additional calculations needed are those necessary 
to get integrated readings. These values can be calculated as follows 
for the case of demand amperes, 
ID 
n 
= i: I 
i=j-180 ni 
where ID = 15 minute demand current n 
' 
. 
of n phase based on a sampling of 
phase current at a rate of one per 
five seconds, 
Ini = phase n cm:ren t sampled __ .a t time i 
j = present sample 
Similar equations can be de!ived for other integrated values 
and for other different time ranges. 
Thus, with only a small number of simple calculations, a data 
.... ; ... , .. ·. base can be established that prepares all the information presently 
available and also includes much more, This data can be displayed 
locally on demand, telemetered to a remote location for monitoring by 
man or by a central computer, or can be used to make local decisions. 
This system has the added advantage that more data is available. More 
specifically, these are the single phase power and power £actor for ea.ch 
... ,.._ .. , 
phase.. Since ba,laneed conditions is not a valid assumption, the 
variation between phases due to Joading can be great and thus this addi-~ 
tional data is extremely helpful. 
One example of the use of such data is to make decisions 
during switching operations. As mentioned previously, when a manual 
'l 
switching operation is initiated (either locally or remotely), the 
operator must check both circuit breaker position and the loading of all 
33 
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three phases to verify the proper ·action has occurred. Tying such ac-
' 
t,ion to a computer would allow it to check both conditions and print out 
a single message stating such action has· occurred and verifying a com-
plete three phase electrical interruption or energization has occurred,. 
A second use of the data·is in checking phase balancing. This 
is presently being done by comparing the readings when they are taken. 
The use of a :computer wou.ld allow this comparison to take place auto-
ma tic-~J.J.y and initiate t.he logging of a message. 
A third use of the data is that when a switching operation is 
• 
··planned, loading of the lines is read so that a decision can be reached 
as to where the best place is to transfer load. The computer could ana-
lyze the situation and print out a message stating the best alternative. 
. . . 
In the area of load reports, it was seen earlier that a con-
siderable amount of clerical work was necessary to convert substation 
d.a ta into reports to be used for' planning and operations, All these 
r.eports could be produced by pr.oper data handling routines in a computer 
and could be out-put directly into a final usable form. Also, due to the 
increased volume of data available, more a.ccurate reports and, thus, 
conclusions would result. In addition, by using a direct computer 
prlntout, some of the problems of figure transposition and errors that 
often result when .data is manually transferred from one report to an-
other are eliminated. 
Thus, in the area of instrumentation, the computer appears to 
be quite capable of handling all existing tasks and is easily adaptable 
to many other useTul tasks. In addition, the collecting and reporting 
. ' ' 
of data will be less time consuming, more accurate, more timely and more 
complete than :present methods •. 
J4 
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Control 
Earlier, it was seen in the sect~on o.f past practices that 
.. ., 
elaborate hardwired circuits are used in conjunction with automatic 
reclosing to allow different timing to be applied depending upon sta-
tion configuration and to allow automatic reclosing to function for 
only certain trip eondi tions. This reclosing circuitry is completely 
duplicated for each power circuit breaker. This method is costly, 
complicated and hard to change. A minicomputer would greatly simplify 
. . 
. 
this by having one routine to do all reclosing. Changes in timing 
would easily· be accomplished by looking at conditions and then using 
~ 
the appropriate timing factor. Blocking .of reclosing would be simple 
since the computer could easily remember what caused each breaker to . 
trip and could be easily changed due to the changing of system require-
ments. This presently requires a Technician to go to the station and 
spend considerable time recalibration the reclosing relay, Thus, use 
·' I 
of a minicomputer would not only greatly simplify circuits but would 
.. , 
also allow more automatic operation flexibility ( more eases of devia-
tion allowed) and recalib±ation flexibility. ... 
A second major investment of equipment in the control area is 
in load-shedding. Presently, this requires an underfrequency relaying 
package, The minicomputer could do this by comparing the voltage 
crossings with the internal clock to determine the f'requency, deviation 
from a set point, time duration,· and other factors. An appropriate 
algorithm could then be defined and appropriate action could be taken. 
' 
Presently, the station m'U§t be manually reset .after this disturbance has 
passed. A computer would allow very careful monitoring of the system 
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and when the frequency returns to normal and stabilizes there for a set 
time, load could be restored automatically in whatever load increment 
r 
would be ·desired,, In addition, th·e amount of load that is to be dropped 
could be made to depend on the variation of frequency.· This is pres-
ently accomplished by setting relays at different stations at different 
levels of deviation from normal. Thus, when one station trips, all -
. 
lines out of the station trip at the same time. One exception is lines 
that trip critical loads such as hospi ta.ls. These are excluded from 
the scheme, This type of scheme allows only two levels of priority at 
a station ( trip at a preset frequency or no trip). The use of a mini-
computer would allow each distribution line to trip at a different 
frequency deviation depending on its criticality. The computer would 
also allow easy C<."nversi*on from one set ..ting t.o ~nother. 
The third type of control to be discussed is that of capaci-
tor control. As discussed earlier, :presently a combination of time 
and vol ta.ge control is used, This type of control is very easy to 
duplicate by computer and consists of comparing actual voltage and time 
with a predetermined voltage and time schedule. The computer could 
then initiate the proper control action, In addition, the use of .a 
mini-computer would allow the flexibility of other types of control 
such as watt-var control or a combination of these controls. This would 
be accomplished with minimum effort since all necessary data is avail~ 
able in the data base ·assmning the instrumentation ftmction is imple-
mented. 
· The last type of control discussed under present practice~ was 
.... i,., 
the local manual control,action such as tripping- or closing a breaker. 
I 
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To accomplish the above practices (underfrequency and reclosing), the 
computer must have access to both the trip and the close circuits. 
Thus, the manual control of these devices from an appropriate input/out-
put device can be accomplished with very minimal effort. This has the 
advantage of central5.zing the controls of all devices at one point. 
Indication of position could also be present at this location as will 
be discussed in the next section. Going further, present practice is 
to attach a "tag" to manual control switches if it is to be left in an 
abnormal position or if special action is necessary before it can be 
operated. This tag carries the information and is signed and dated. 
there are several levels of ta.gs, One is a caution (yellow) tag which 
carries a warning. The other (red) tag forbids operation by anyone 
other than the person who applied, This tagging can be done with a 
mini-computer by 1.ogging specific messages. The computer would then 
check when an action is commanded to make sure no tags are outstanding. 
If there are, it could output the message and abort the command, For 
. 
~ 
control actton to take place, the tag would have to be acknowledged 
,;.··--- (if yellow) or removed (if red). All such commands, tags, acknowledge-
ments, removals and action could be logged to P';['OVide a permanent record 
of ail switching actions. 
~"T . ::i:- ·~; 
In addition to the functions mentioned specifically above, 
any control action involving logical decision making and then appro-
priate action based on these facts can be programmed to be done by the 
computer with great flexibility should changes be necessary. 
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·Indication and Alarm 
As seen in the previous section on present.practices, one 
task of substation circuits is to provide indi·ca tion of conditions by 
means of lights. The use of a computer for this allows this information 
to appear as a hard.copy. This method has several distinct advantages, 
Among these is the fact that a complete record of indication and alarms 
is available. In add1otion, transient status changes are on reco~d as 
well as th·eir frequency. It is also possible to associate each status 
change with a time by the use of the computer clock. Another advantage 
of this is that all indications (alarm status and device position) are 
available at one location. This would save considerable time in 
assessing the situation when a man is dispatched to the station to 
investigate a problem. In. the area of power circuit breaker position 
indication, this would be combined with a check of line readings to 
verify the status. For example, if a breaker position is indicated as 
open, a check of the current on all three phases and the potential on 
all three phases would verify this position. ·on tQe other hand, if 
one phase still indicated a current flowing, a message would be printed 
to indicate that a problem may exist with the power circuit breaker, 
This check could also be made to verify that automatic tripping is 
successful. 
The second area and possible one of the most important items 
to be discussed is protection circuit integrity checking, As mentioned 
earlier·,· this is presently done on a limited basis and is accomplished 
by a periodic manual check. If th_e eireui t should fail, protection is 
.(! 
either downgraded or completely non-existent until the failm-e is 
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discovered during the next check. If a fault occurs in this time ·period, 
this lack of.protection can have serious consequences,. Having a mini-
computer available provides a convenient method of monitoring these 
circuits and periodically performing a check, Examples of this is for 
the minicomputer to perform continuity checks on critical circuits, 
to verify presence of control potentials, e~rrents, etc. These checks 
could be provided for whatever relaying is present; i.e., electro-
mechanical, solid state, or digital computerized protection.( 4) An 
example of the. monitoring of the last class (digital relaying) would 
be by the use of a dead man timer that would indicate if the relaying 
computer stalled. When a failure is detected, immediate notice could 
· be transmitted to the dispatch center. While implententation of this 
/ 
integrity checking plan would most likely :tnvolve the addition of extra 
hardware above the other applications listed, a .. single case of protec-
tion malfunction can justify the entire package. 
. .... : 
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-Supervisory Control 
· From the discussion of present practices and 'the proceeding 
discussions on the proposed computer applications it can be seen that 
all data acquisition and control capabilities needed for remote contro.l 
and operation of the station are, by necessity, alreaey built into the 
proposed mini-computer installation. The only addition to the system is 
a communications tie with the master. This would then allow operation ·+ 
identical to the present use of hardwired remotes. However, having the 
mini-computer available allows greater flexibility than previously 
allowed. Some extensions of supervisory control functions, possible with 
the aid of the local coinputer, will now be discussed. 
One extension of the system is in the area of data retrieval 
t 
by the mastere Presently we are limited to certain preset quantities and 
alanns. These are rep9rted to the master on a periodic basis in response 
to a command from the master. The data is then transmitted in one block. 
With a mini-computer it is possible for the master system to have access 
to a11· data present in the mini-computer. This can be done on a selective 
basis or certain data can be sent back on a periodic schedule initiated at 
the substation. Information retrieval is also now possible. For example, 
presently any fluctuation in data between the sampl~s by the master is 
lost. Due to the large time between samples, these fluctuations can be 
considerable. Another approach is now the mini-canputer can supervise the 
system and would need only report to the master if a variation or distur-
bance in data occurred. At this time detailed data could be returned for 
the period of interest. This would help unload the master computer and 
release i't for application routines. 
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A second area of system extension wou_ld be to return data from 
the mas·ter to the substation. This data could consist of status and loading 
of adjacent stations. This data could then be displayed to inform a 
switchman of the s.tatus of' the surrollllding system. 
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· Seg uepce o:f Events 
If a station mini-computer was available, it could be used to 
.... __ 
detect changes of status of any device connected to it, In addition, 1 t 
could associate a time tag with each piece of information. This would 
give the sequence of events. While this is similar to the logging por-
tion of indication and alarm,. the sequence of events ftmction would take 
more inputs into consideration and would offer a higher degree of time 
resolution. All that would be necessary would be to store the informa-
tion and then output the fact along with its time of occurrence. " In 
addition,· rmming totals of certain events could be kept for output at 
specific intervals, For example, reclosure attempts could be counted 
and the computer could then output which attempt held. Also it would 
be possible to associate each breaker operation with a fault condition. 
In this way a record could be kept in the computer of the total number 
of trips along with the number of trips occurring under fault condi-
tions. An algorithm could be ~rogrammed to relate the number of trips 
to faults and indicate when maintenance is needed. This information 
could be logged automatically at a preset time before required main-
tenance, logged upon demand~· or transmitted to a remote location. The 
routine described above requires the status input of approximately 120 
items for "Anytown" Substation. This group of inputs includes breaker 
position, control and blocking switch position, protective relay status 
.. 
and others. inputs are required to 
support other progntms in addition to this one. Timing must be such 
that events differing in time by.one cycle or more can be distinguished 
from each other. · 
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Fault Recording 
The use of a mini~computer in the area of fault recording as 
with any other device would require sampling each quantity of interest 
at a rate of twice the maximUlll fr~uency com:ponent(.5), assuming a max-
imum frequency component of 1,500 Hz {comparable with available :fault 
recording equipment). This implies a sampli~ rate of 3,000 sa.mples 
per second ·for each quantity. Fach sampler would be fed directly into 
. memory, The system could be designed such that these samples _are re-
tained for a preset time and if not neede1 they would be replaced with 
new information. If a fault condition is determined or if a breaker 
is operated, a freeze would be put on the data. This data would then 
be saved until a time of lower CPU activity at which time it would be 
analyzed and printed. This output could take either the form of a. 
printout, a plot, or a magnetic tape output. 
An additional use o:r fault recording, as previously mentioned, 
was in the area of equipment maintenance. For this application the 
information from above serves satisfactorily. However, this ftmction 
could be accomplished with considerably less equipment. For equipment 
maintenance all that is needed is a correlation of breaker operations 
with the current interrupted and time interval.· This could be accom-
plished with level detectors or by simply recording the maximum current 
.level. This would not require the .high sampling rates, the vast stor-
age,· or the la.rge number of quantities as the above use requires. This 
information (operations vs. current levels) could b9 ..... 1ogged directly or 
. an algorithm could be defined to allow the computer to judge the extent 
••• l'l' 
I 
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of contact damage and the ~mount of life left, This could then be 
printed locally or transmitted to a r~mote location, In addition, 
<, 
alarm ·11m1ts on,,percent life left could be ·set in such a way that 
when a preset loss of life is reached an alarm is given. This would 
allow corrective action to be taken to protect the equipment but 
would avoid Ullllecessaiy maintenance. 
·•_;! 
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Overload Moni tori,ng 
A local minicomputer could accomplish the goals listed 
previously- for this :ftmction by two different techniques. Due to the 
large differences in approach, both will be discussed. 
The first method involves the gathering of data such as -
• 
equipment past loading, equipment present loading, ambient ;temperatures, 
equipment internal_loading, etc., and tTansmitting this information to 
a central location where this information can be interfaced with a large 
off line computer, ·The program would run as is done presently and the 
output would be forwarded automatically to the operator. This method, 
while furnishing real time inputs to_ the program-,- will require a 
considerable investment on interfac.e equipment between the various 
computers involved. In particular, this would require data links between 
the substation and 'the co~porate computer facilities and between the 
corporate computer facilities and the operating centers. 
The second method involves gathering the same data as in 
method one. However, the program would exist at each station and could 
be initiated locally or by remote command, It would then run until )t 
complete and would output an answer either locally or i.t could be 
transmitted to a remote location, Similar programs could be written 
for both transformers and lines and would contain stored_ constants for 
the particular substation equipment involved. In addition to printing 
the information and limits,· this routine could be interfaced to programs 
described earlier t~ initiate load shedding should conditions exceed 
the safe limits. Such local caleuJations also_ have advantages,in that 
.#5 
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the program can be rerun as conditions vary allowing more precise guide-
lines to be established and if for some reason switching or other action 
is not taken in time, load will be adjusted to prevent permanent equip-
ment damage. 
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Brownout Control ;j 
I 
Assuming control of circuit breakers is provided to t_he mini-
t .b tr " . If l" b t compu er aa descr.1 ed· llll.der Control or Supervisory Contro , rownou 
control is veey easy to accomplish. The only system addition is the 
so:rtware. This consists of a pr,ed~termined schedule for alternating load. 
Since this is a so~ware :f'unction, it is easily changeable as load criti-
'· cally changes. This brownout control could be initiated and stopped by 
either remote control, by frequency monitoring, or load monitoring. Once 
the action is initiated the -cycle will continue according to prearranged 
schedule mitil the disturbance passes. In addition, several levels of 
load-shedding can be initiated, each with a different schedule. This 
function can be closely coordinated with underf'requency operation and 
proper application of the control will help alleviate disturbances before 
underfrequency load-shedding becomes necessary. 
' .• .,,' ~ ,~c~· 
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.,fc;l.nting Instructions 
Through the use of a mini-computer, a printer, and bulk storage, 
all the items listed previously under this functional description as 
desirable could be implemented. The standard instructions and maintenance 
checklists. are simply a matter of ·having the proper texts in storage. 
Upon demand, these lists are transmitted to an output device such as a CRT 
or printer. These texts could be changed as necessary by simply changing 
the stored text, .in memory. 
An extension of this concept is to add a communication channel 
and allow messages to be sent back and forth from a central control center. 
ThEr switching orders mentioned previously is an example of this. Verifi-
cation of orders could also be made via the return path. Another use of 
this channel is to allow the pre-stored instructions and·maintenance check-
lists to be modified from a remote location. This would allow updates to 
t·ake place during slack periods without spending the travel time to do 
it locally. 
:/le·. 
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CHAPI'ER 5 
DISCUSSION 0i) ~UIPMENT AVAIIABILITY 
In the last section, many substation functions were proposed 
' 
;t,o. be computerized. Brief functional discuss-ions were given on how this 
:could be done. The matter of such implementation becomes strictly an 
academic exercise if present technology has not produced hardware capable 
of f~lfilling the objective. This section will present a brief overview 
·of equipment presently available in the area of mini-computer main frames, 
input-output devices, and bulk storage devices • 
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Mini-Computers 
The basic d.iffer.ence between a mini-computer(6) and a Jarge 
full scale computer is just what the name implies. That is, a mini-
computer, is smaller. This leads to a very general and superficial de-
finition of a mini-computer as a small, general purpose, stored-program 
digital computer capable of performing arithmetic, logical, and input/ 
output operations. It can be seen that within this definition lies a 
wide range of characteristics going fxom machines with small memory 
size, small word length, and slow.memory cycle time to machines that 
are on the nebulous border with larger computers.(?) 
As mentioned above, one characteristic that makes a computer 
a mini-computer is word size. Word size is important in that it may 
J 
impose limitations on the desired application. For example, a smaller 
word size limits the number of bi ts of an instruction word that can be 
assigned to instructions and memory addresses, Thus, this restricts 
flexibility and requires greater programmer skill and ingenuity, The 
second limitation is that accuracy of nwnerical calculations depends 
directly on word length. Thus, a consideration is the maximum accuracy 
required by the proposed applications, Word size of mini-computers 
ranges from 8 to 18 bi ts with 16 bi ts average. A 16 bit word length 
provides an accuracy of 1 part in 65,535, 
The second characteristic of importance is memory size. This 
. 
is important in that it will restrict the number of instructions stored, 
the amount o:f data stored, and the area reserved for calculations. Thus 
a small memory area may force the · use of a bulk storage device and the 
-~ '· 
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transfer of routines and data into the memory only when they are to be 
used. This increases overall calc11Ja.tion times and may restrict appli-
cations, Bulk storage also increase cost and maintenance, The airerage 
mini-computer has a base memorJ of 4K (1K = 1024) words and is expand-
able up to 65K words, It should. be noted that 4K words of 16 bit 
length words is twice as much storage as 4K words of 8 bit length words. 
The third characteristic to be considered is memory cycle 
time. The memory cycle time must be evaluated to insure a speed fast 
enough to process as many instructions as may be required in a period 
of time consist.ant with the application, Memory cycle times in excess 
of those actually needed result in higher cost hardware with no advan-
tages. Typical memory cycle time ranges from 0,8 microseconds to 3 
microseconds with an average of 1.5 microseconds, 
Another characteristic which is a spin-off of the memory 
size restriction is the maximum I/0 word transfer rate. This repre-
sents the ability to transfer data between I/0 devices and memory and 
this rate ranges from 12.5K words per second to 500K words per second. 
Aside from the above characteristics, mini-computers have a 
number of options that may be added depending upon application require-
ments. A few examples of these options area memory protect, memory 
parity, power fail, hardware multiply/divide, hardware bootstrap loader, 
additional levels of interrupts, read-only-memory, and semiconductor 
memory. Each of these con tributes to · the flexibility offered by the 
mini-computer and also adds to the cost. 
I 
I 
Cost of the mainframe ranges from approximately $4,000 to 
$100,000 depending upon requirements and options desired. 
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Operator Interface r/o Devices 
As with any automatic control, some means of interfacing with 
the external world must be provided. · This holds true whether this 
interface is between other types of equipment or with a human operator. 
In the case of minicomputers this interface is provided through the 
input-output devices. 
With a real time system to effectively use the I/0 bus, an 
interrupt structure must be used. This allows the machine to proceed 
with its normal instruction execution when,no input or output request 
is pending. This a+so allows several levels of priority to be estab-' 
lished indicating to the processor which operation is most critical. 
A second consideration in the area of I/0 is in memory access. 
When high rates of data transfers are necessary between minicomputer 
memory and peripheral device/8) such as disc memorys, magnetic tapes, 
communication links, CRT's, or analog to digital converters, normal 
means (by accumulator register) may be ~o slow.. High data transfer 
· rates can be achieved if the minicomputer is equipped with a memory 
access channel. This higher rate is obtained by stealing several memory 
cycles from the normal instruction sequence to read or write data. 
For more expense, an even faster data transfer can be achieved by the 
use of direct memory access. This direct memory access channel shares 
the memory unit but not memory buffer register, .. This allows transfers 
to be made without waiting for the memory buffer register to be f'ree • 
The most comm.only used I/0 device t.o interfacA t,he minico1D.1.n1ter 
to an onerator is a t,e]et:vne1~Tj ter. The four basic ftmctions of the 
.i;: 
" ... 
teletypewriter are keyboard input,· hard. copy printer, paper tape reader, 
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and paper tape punch, A teletypew:ri ter may have as few as only one of 
the basic ftm.ctions or as many as all four. The teletypewriter is a 
. 
low speed (approximately 10 characters per second) device but it is also 
low in cost. This is the reason it is so widely used, 
Another type of interface between man and machine is via CRT. 
_:Thi·s1 is a much higher speed than a teletypewriter and can be updated to 
make a dynamic display. A CRT also provides a much more flexible I/0 
device. One detr.iment to the CRT is it is not a hard copy, Thi·s is 
overcome somewhat by the ability some CRT units now have to provide a 
hard copy of the display on the screen. CRT's are usually a more ex-
pensive type of r/o device. 
' 
If communication is desired with another computer at a dif-
ferent location, an r/o interface must be provided between machines. 
p 
At the present time this is usually done over telephone links. This 
requires communication hardware known as data sets or data modems 
presently available range from automatic calling tmits to high spee4 
tmits. ·,. 
.\ 
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Process Interface r/o Devices 
Another class of r/o devices( 9) a.re those that connect the 
computer to outside circuits, This includes digital inputs, digital 
outputs, analog inputs, and analog outputs. 
The first type of interface, digital inputs, may represent 
the output from a digital meter or may represent a position indication 
(trip/close, on/off, etc.), The most common type of input is the 
contact closure type. The interface consists of a sensing ·circuit 
which converts the contact position to a logic level "0" or ''1". 
This binary information cari then be read by the computer. Digi ta.l 
inputs can then be used to interrupt the computer. This interrupt 
would stop the normal instruction sequence and initiate the proper 
interrupt response. 
The second interface needed is digital outputs. This enables 
the computer to control two state devices sueh as the tripping or 
closing a relay or breaker, or lighting indicator lamps. This is in 
general provided by solid stste or relay switching circuits which 
interpret the computer "0" or "1 .. and give either a.n open or closed 
contact, 
A third interface that may be necessary is to give an analog 
output_ signal. This analog signal may then be used to drive meters, 
strip chart records, servos, or other devices needing an analog signal 
proportional to the digital value in the computer. This interface is 
achieved by means of a digital-to-analog (D/A) converte,,r. 
The fourth interface"' needed is for analog inputs. This 
" 
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includes in the case of a substation, voltage values, cJnTent, phase 
angle, f'requency, temperature, and other signals that are present in 'an 
analog form, The j.nterface hands the conipute:r a d:i.gi tal sign.al ·propor-
j 
I 
t.,ional to the ana l_og input. This is accomplished by me~s of an analog-
to-digi tal (A/D) converter, 
The above analog interfaces work well for a limited number 
.. . 
of inputs. However, A/D and D/A converts are costly and the cost would 
be prohibitive for more than a very small number of signals, This can 
be solved by having only one or two converters and a device to switch 
it to whatever signal the computer is interested in at that time. Thus 
one converter could service many signals. This switching device is a 
multiplexer, The multiplexer, upon receiving an address from the com-
puter,· wiJ.l switch to whatever signal is desired and will perform the 
desired -conversions. Multiplexer speeds va:ry widely ranging from slow 
speed electromechanical devices to a very high speed solid state se-
quential scanners. An average multiplexer may have 256 channels avail-
able and a scan rate of .50, 000 samples per second. The use of multi-
plexed converts leads to an average accuracy of 0.03% of full scale. 
I 
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Bulle Storg,ge Devices 
Paper tape input and output was mentioned briefly tmder the 
section 9n I/0 devices. This paper tape is widely used for data and 
program storage. If higher speeds of input or output are needed in the 
paper tape area, paper tape readers and paper tape punches separate 
from the teletypewriter uni ts are available. These operate at med~ um 
speeds such as JOO characters per second for the readers and 200 char-
acters per second for the punches. The main advantage of bulk storage 
.. 
ii 
is its low cost while the main disadvantage is that the tape is not 
reusable. 
In some applications reusable bulk storage is required but 
high speed is not required, This can be satisfied by cassette magnetic 
tape recorders. These tape uni ts are much cheaper and less sophisticated 
than a magnetic tape system normally associated with computer systems. 
This cassette tape unit is comparable functionally with pa.per tape in 
that it can be used as a programming I/0 device and that d.a ta can be 
read or written on the tape for later use. In addition, the tape can 
serve as low cost on-line memory. Also, magnetic tape is much faster 
than paper tape. For example, an average tape unit has a transfer rate 
of 30,0000 bi ts/sec. with a total storage area of 2,400,000 bi ts 
(14.51{ words of 16 bit word length). These tape unit~ are often non-
, 
standard and thus the tapes are not interchangeable between various 
makes of computers. 
If compatibility with other machines is desired or if higher 
transfer rates are necessary, more expensive and more conventional tape 
tmits are available. These offer data transfer rates ranging from the 
• 0 
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speed of the cassette units up to approximately J00,000 bits/sec. 
If high speed data transfer rates of large bulk st.orage is 
,, 
necessary, disc or drum memorys are avai,lable. They have the adva.1:rtage 
of lower cost, per bit relative to magnetic core or s.emiconductor 
• storage devices and have higher transfer rates than magnetic tape 
storage, This type of memory consists of a mechanically rota.ting 
magnetic device that information is impressed upon. These devices 
rotate at speeds: .from 1800 to 3600 revolutions per minute. This gives 
an average time,. of 8.4 milliseconds for any data. Disc or drums have 
an average transfer rate of 2,000,000 bits per second. Average 
':.' . 
"' 
storage capacity ranges from 32,000 BYTES to 3,000,000 BYTES (t·BY'r~_.=:= 
8 bi ts), 
,· I 
5···a·.· •· 
r 
·' 
.• 
CHAPrER 6 
FEASIBILI1'Y STUDY 
This section will look at the proposed applications and will 
attempt to estimate what hardware and so~ware would be necessary to 
accomplish the desired objective. This will include items proposed that 
may not be feasible at this time and level of technology. It should be 
noted that the hardware and sof'tware systems discussed in this section 
are by no means unique or the best systems but are provided to give an 
estimate of the scope involved to allow an evaluation of this method of 
accomplishing the goals defined earlier. 
This· feasibility study will be broken down along f"unctional 1ines. 
These are described in Table 3. 
~. 
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Base 
Option 1 
Option 2 
Option 3 
Option 4 
Option 5 
Option 6 
... 
Option 7 
' J' 
! I. 
FUNCTIONAL BREAKDOWN 
Instrumentation, control, and indication & alarm as 
defined under present practices excluding under-
frequency and capacitor control, Operator interface 
is simple. 
Instrumentation, control .. , and indication & alarm as 
defined under proposed applications. This includes 
load sm-vey metering, underfrequency, and capacitor 
control, Operator interface is by CRT, 
Supervisory control and data acquisition 
Sequence of events 
Fault recording 
Overload monitoring 
., 
/~m<. 
~···" 
Brownout centrol 
Printing instructions 
TABLE 3 
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Hardware 
A basic system must be defined as a starting point. ·For the 
purposes of this report the basic system will consist of the hardware 
necessary to handle all existing functions as described under present 
prac.tices of instrumentation, control and indication. This will consist 
of only the most basic system. For example, operator interface is via 
teletypewriter. V 
This basic system will perform the base ftmctions and consists 
-oi~ a mediwn speed CPU with a 16 bit word length, medium word transfer 
rate, power fail option, memory protect, memory parity, bootstrap load-
er, a real time Mock and external interrupts. Hardware multiply/divide 
is not an absolute necessity but would be advantageous, :particuJa.rly in 
the light that it will be required if addtional calculations are neces-
sary. Memory will consist of magnetic core since speed requirements 
do not justify the additional cost to go to semi-conductors memories. 
In the initial· states,· r·ead-only memories would prove a detriment to 
program development and will not be used. If schemes are accepted for 
mass use, read-only memories might have advantages. For the purposes 
of this basic system, the amount of core is dependent on the number 
of calculations desired and frequency of these calculations. A reason-
able estimate based on present practices and present system accuracy 
seems to be 24K of core. 
Peripherals of the basic system consist of a teletypewriter 
without a tape· reader or a tape punch. This would serve as the only 
method of operator input or output~ Process input-output devices would 
consist of a one htmdred point analog input subsystem, a one hundred 
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point digi t4.l input subsystem, and a fifty point digital output sub-
system. The analog input subsystem would be made up of appropriate 
I 
analog transducers, scaling and filtering networks, multiplexer, and an 
analog to digital converter. Speed requirements of this equipment -~S, 
in the low· to medium range ( 1·00 points per second), The digital input 
subsystem consists of coiiiact position ( open or closed) detection cir-
cuits. Speed requirements on this equipment is in the 6000 points per 
secoi1d range. The digital output subsystem consists of an output de-
vice to convert the binary information concerning an output action 
into contact. closures or voltage level outputs compatible with the 
external circuits· to be controlled • 
. The above description of the basic system does not include a 
method of programming, loading, or modifying the software initially or 
for maintenance. One method of accomplishing this is to do all pro-· 
gramming at one central location, record the program ·on tape and trans-
port a portable tape cassette to the station to input program changes. 
The next step in the development of this computer application 
is to look at what hardware is necessary in addition to this basic 
. system to perform the tasks discussed earlier under proposed comput-
erized applications. 
The first addition is to implement all items outlined under 
option 1. This includes CRT opera tor :i.nterfftce, integrity circuit 
checkin.g, at1t,omatic printing-of load reports, and load-shedding. This 
addition would require the CRT terminal and appropri te controller, bulk· 
storage, and additional core storage. The bulk storage is necessary to 
store the CRT displays that could be called and to store the report 
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generating programs. This bulk storage could be magnetic tap or magnetic 
·disc. For this analysis, a disc will be assumed. The additional core 
. is necessary to allow room for the individua~ routines on disc to be 
brought into core when they are needed. For the purpose of this 
discussion it will be assumed no spa.re core exists. This will require 
the.addition of a 4K module. The process interface and CPU character-
istics remain as in the base system. 
The next addition is to cover supervisory control functions 
(option 2). This add on can be applied to either the base system or the 
base plus option 1 packege. The only additional hardware in either 
case is a data modem. Additional programming is also necessary, how-
ever, it will be assumed that sufficient core is available in the 
base system to handle it. If storage of information for later trans-
mission is desired, bulk storage may be needed. However, since this 
application implies more than the base system, the configuration outlined 
under option 1 would probably be used. In this case, the bulk storage 
device would be available and would have sufficient capacity to handle 
the added load. 
To implement a sequence of·events program (option J), several 
changes in the basic system are needed. First, approximately 100 
additional digital inputs are required. In addition, the speed of all 
digital inputs must be increased to at least 20,000 points per second 
(10 millisecond resolution), This higher speed also implies high data 
transfer rates must be included in the CPU architecture, This data must 
then be stored for later analysis or output. Although core could be 
used for this, bulk storage such as a disc appears to be an advantage, 
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In addition, an extra core module ( 4K) above basic system requirements · 
would be necessary to provide the additional instruction and overlay 
area. 
. Option 4 · (fault recording) has all the require~ents of the 
-basic system and the sequence of events system •. ·In addition, high 
speed A/D multiplexing is necessary. ·Each data point must be scanned 
3000 times per second. In order to meet this data for 65 data points 
would require a multiplexer with a speed of 200,000 points per second. 
A more economical method would be to use several high speed multi-
plexers (for example,four multiplexers of 50,000 points per second 
each). To handle this high speed transfer rate it would be necessary 
to use direct memory access channels and a higher CPU cycle speed. 
·This data would then be stored in a bulk storage device. This bulk 
storage device could be similar to that referred to before except with 
a larger capacity. The core module ( 4K) included und-er sequence of 
events will probably be sufficient to cover this routine also. 
Overload monitoring (option 5) can be broken down into two 
:methods as discussed earlier. The first of these consists of transmit-
ting data to a centrai location for processing and then transmitting 
the result to the substation.· This can be accomplished as an extension 
. to the supervisory control system without the addition of any major 
hardware. The second method (on site calculation)·requires powerful 
methods. This would include a full core area (64K), bulk storage, high 
CPU instruction speed and' hardw re multiply/divide, even with this .com-
pliment of equipment, it is questionable if a detailed program such as 
is now used can be rmi. However, with careful program analysis it may 
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it ma.y be possible to reduce ~,:ich routines to the ca:pabi.li ty of mini-
computer, A deta:i.led study would be necessary to determine of this 
abbreviated version would supply sufficient .information and r1m tn ·the 
real time environment without adversely affecting normal operation, 
Brownout control (option 6) can be accomplished easily with 
only the basic system hardware, Sufficient core is allowed in the ·basic 
system to allqw inclusion of this routine. Also, speeds of the basic 
system are sufficient. 
The last item to be discussed is printing of instructions 
(option 7). The portion of this dealing with the printing of instruc-
tions transmitted from a remote location requires the hardware listed 
under supervisory control and some higher speed output device than a 
teletypewriter. This output device could be a CRT or a line printer if 
a hard copy is needed. The latter is the most probable. The portion 
of this category dealing with the printing of pre-recorded messages 
requires either a CRT or a line printer and a bulk :storage device or 
devices. As an example of this, to reproduce this page by computer 
requires approximately 1K of storage. In addition another core module 
( 4K) would be necessary to provide an overlay area. 
From the above it can be seen that from a hardware standpoint 
all proposed functions are feasible with present technology with the 
possible exception of the extensive on-site overload monitoring pro-
grams. It should be noted, however, that all proposed programs are 
limited by the state of the art. For example, restrictions exist on the 
number of samples that can be ta.ken for fault recording. As -technology 
continues to advance, these limitations will fall out of the way. 
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The :previous section discussed the feasibility of the proposed 
fuctions from a hardware standpoint. This is only half of the story. 
The other half deals with software. Software plays an important sup-
porting role in that it enhances hardware mefulness, In this support-
ing role-,- software can be broken into two areas, 
The first area of software is in the form of an opera ting 
system. This operating system consists of an integrated collection of 
service programs which provide the necessary software environment for 
the coordination and the supervision of the execution of the various 
application program,· the input/output driver, the file manager and diag-
nostics. 
The executive program is the portion of the operati.ng system 
which controls and directs the execution of all other programs. This 
includes the scheduling of the system resources in accordance with their 
priority. This ordering of priorities also takes into account servicing 
of interrupts. 
'./i" . 
The input/output drivers are programs which control the var-
~ 
' ious computer input/output ctevices. This includes schedUling and can-
trolling the devices in real-time. 
The file manager program is used if bulk data storage is nee-
--, 
essary. This program keeps track of the storage locations of disc or 
tape and keeps track of available locations for additional data. This 
program would not be present if bulk storage is not supplied.with the 
system, 
.,, 
Diagnostic programs are used to help maintain operation and 
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locate hardware prob;J..ems·. They are usually off line and are rllll either 
for preventive maintenance or to trouble shoot problems. Diagnostic 
routines are available for the CPU, memory, and most peripherals •. 
The second area of software is application programs. This 
group includes all the programs that accomplish the desired objectives, 
For example, one of the main application programs in the proposed .. 
system is a "scan" routine. This routine scans all status and analog 
inputs on· a periodic basis and enters the data into a common data base 
where all other application programs can access it. These application 
programs may be stored in core memory or may be brought in from bulk 
storage when needed depending on their function, their length, and 
their frequency. 
The base system as described earlier, would need an operating 
.. 
:sy$tem consisting o:f an executive program and an input/output driver. · 
Application :programs would include a scan program to collect data, a 
control program to check validity .of command.s and then to initiate pro-
per action, a display program to output data in a readable form to an 
operator, an instrumentation calculation program to calculate data as 
described earlier, and an alarm program to sense alarm conditions and 
output the proper messages. The operating system is fairly standard for 
real time applications and such operating systems are supplied by most 
computer vendors. The application programs are, for the most part, 
unique to this type system and would have to be written. This could 
be done by the vendor, the user, or a software consulting firm. 
However, these applications are entirely feasible. This can be seen 
when it is realized that computeriz·ed supervisory control and data 
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acquisiti9n systems and computerized industrial 1control system. :u.se, 
similar logic. 
The fi~st ~di{ition {option 1) requires the operating system 
be upgraded to include CRT, bulk storage, and additional printer input/ 
'Output driver capability and to include a file manager program. Again, 
these programs are normal.ly available from the, computer supplier. 
Several additional app:J_ication programs are needed. The first of these 
is a report generating routine to correlate data and output load re-
ports. (11 ) As described earlier, this is not a real time program and 
- , 
thus can be done during idle time periods. This type ro,utine is quite 
common in computer system and should not present any problem as far as 
feasibility, A second new application program is needed to generate 
the CRT displays and to handle the operator interface, Again such 
programs have been written to handle CRT interfaces for co~puterized 
industrial control systems. (12) The third major additional applica-
tion program needed is a routine to perform capacitor control. Pres-
ently algorithms exist to determine what action is necessary and these 
can be easily implemented. Finally, the fourth new program is the one 
needed to,accomplish load-shedding. This program would determine an 
underfreq uency condition and initiate proper action. The met.hod of 
detecting the underfrequency condition could be the same as used b,y 
present hardwired solid state relays and this is feasible. 
The second option (supervisory control) to the base system 
requires little or no changes to the operating system with the excep-
tion that the input/output driver'must be changed to handle the data 
mod.em. Changes would be necessary to the application programs to allow 
IP 
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the proper data, flow. 'Fhis· application is not new, however, and has 
been done in the area of programmable supervisorm control remotes now 
used with many supervisory control and data acquisition systems. (i3) 
The third option is sequence of events. In addition to the 
modi fication.s to the operating system to handle bulk storage, :l t also 
must be upgraded to handle the higher data rates. An application rou-
I tine is also necessary to keep. track of the events and to output the 
·desired 1nfqr.mation ·1n the :proper form. Similar _programs have been 
written f9r other applications, 
-
-
The fourth option, fault recording, also requires bulk stor-
age and high data rates. One application would output the data in the 
,desired form, A second application proposed ;rc1_s ·for· equipment mainten-
ance. An application program to handle th·is. -would contain an appro-
. :Pria te algorithm to define th_e. ·1imi ts, and tel take the appropriate ac-
tion. The most difficult. task= is to define the limit ,algoti thm in 
mathematical terms. Once this is done the program is easy. 
.... 
The overl.oad monitoring option can be broken down into two 
;pa;rt.:s a·s before. Method one, tr~nsmission to a remote location for 
processing, requires no new software. The only change is an extension 
of the supervisory control programs. Method two requires upgrading 
programs to ensure high speed operation. The application programs used 
to calculate overloads must be very carefully written to enable it to 
fit within the real time frame. It is questionable if thi·s is pos-
sible. More detailed study and simulation is necessary. 
The sixth option is brownout control. The operating system 
used for supervisory control is satisfactory for this option, An 
:..; .. ·: 
'l 
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. addition to the applica~ion program covering control is necessary to 
.. include this feature, however, this change is minimal. 
The :final option is printing of instructfons. Modifications 
to the operating system consist of input/output drivers to handle a 
printer or CRT and bulk storage devices. Also, a file·ma~ager prog'ram 
is needed. The output to be printed will be stored as data. An ap-
propriate application program for this option would be one that would 
provide for easy modification and editing of this data. An extension 
of this concept is trans'mission of data to the dispatch center. This 
would require routines as described under supervisory control. This 
option has been used a number of times on similar type systems and 
should not present any problems. 
The above shows that all the functions that are feasible with 
respect to hardware are also feasible with.respect to software. In 
addition, the only software restrictions to any of the proposed pro-
grams are speed and number of instructions required, A new develop-
·ment in either the software or hardware area could reduce these . ·, 
remaining programs feasible. 
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ECONOMIC EVALUATION 
.'In .. ·preeeding sections, the need for certain functions, .the 
pr.o:];,osed implementation of these functions,. available equipment and 
the feasibility of these applications has been discussed. For all 
.this to be put to any use in the real world, one' more fact must be 
analyzed. That fact is the cost effectiveness of this system. If 
I 
the cost-benefit relation of this method is no better than the,cost-
benefit relation of existing methods nothing has been gained and this 
will not be implemented, This section trys to estimate this cost-
benefit relation and compares it with existing methods. 
~.'t 
y" ·-
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Hardware 
This will be discussed in the same order as the feasibility 
study. Detailed cost breakdowns are shown in Table 4, 
The base system costs $75,000 for the computer approach. This 
' includes the CPU, input peripherals, and installation costs. This 
accomplishes approximately the same job as present hardwired circuits. 
These circuits cost approximately $12,000 installed. 
The first option described of the base system adds approxi- · 
• . ...,/(:,',',J,..,,::_.~· 
-mately $18,000 to the base price of the computer system for a total of 
·~' ... 
$93,000. The additional hardware to accomplish this by present methods 
amotn1ts to $11,000 :for a total of $2·3,000 for hardwired circuits. 
This does not include the cost of generating the load reports ($500 
per year) or the fact that no equivalent to the CRT exists. 
The second option (supervisory control) costs approximately 
$1,000 over the base or base pl11s option t. This compares with t.he 
$70,900 now r:-equired to do the sa.me job. Cost of the communication 
channel is not included since it is needed in both cases, 
The third option (sequence of events) costs $27,000 over the 
base or $14,000 over base plus option, for the computer system, This 
is presently not done at all the stations. If it was desired to do 
this by hardwired equipment the cost would be $15,000 to $20,000. 
Option four, fault recording, costs approximately $31,000 
above base,· $18,000 above base plus option 1, or $.5,000 above ba~e 
plus option 3 for the computerized system. Again this function is 
not presently done. If, however,· it was to be done, the approximate 
cost would be $50,:000 by hardwired techniques, 
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Base 
Option 1 
Option 2 
Option 3 
Option 4 
Option 5 
Method 1 
Method 2 
Option 6 
Option 7 
COST SUMMARY 
Hardwired 
$12,000 
$11,000 
$70,000 
$20,000 
$50,000 
N/A 
N/A 
$ 5,000 
N/A 
a 
fl 
., . " . ,, ~ . 
Proposed Computer Sy,stem 
$75,000 
Base + $18,000 
Base or any option+ $1000 
Base + $27,000 
Or Any option+ $14,000 
Option 3 + $5,000 
Any option+ $5,000 
Base + $55,000 
Or Any option+ $45,000 
No additional eost 
Any o.ption + $15,000 
N/A-=Not presently done--no cost estimate available, 
All costs represent installed costs (in 1973 dollars). 
TABLE 4 
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Option five (overload monitori·ng) costs: approximately; $5,000 
more than supervisory control if method one is used, If method 2 is 
desired, the cost of the compµter system is $45,000 more than the base 
plus option 1. No comparison can be ·made since this feature is pre-
-,,. 
sently n.ot available. or easily implemented. 
~ 
. ' 
.Option six (bro·wnout control) requires no additional hardware 
above the base computer system, If this function was desired by hard-
wired techniques, a special package of timers and logic circuits would 
b.e needed. Estimated cost of this is ·$5,000. 
Option seven, instruction printing; costs $33,000 above base 
or $15,.000 above base plus option ·one. No equivalent hardwired system 
exists other than typewritten sheets. No cost is assumed for this 
since this will be necessary as documentation in either case. 
F:rom the above cost summary it can be seen that in all cases 
of: individual functions, the computer system is more costly. However, 
·when options are combined, the computer system becomes lower priced • 
. 
For example,- the base,· option 1, option· 2· and op_tion 6 costs $98,000 
·;· with hardwired systems and $93,000 for the computer system. The com--
puter system hardware is cheaper due to the fact that with hardwired 
circuits each package requires some duplicate components and addition-
al installation charges. With the computer the initial investment and 
installation is the major cost item. Additional functions result in 
minimum cost adders. This results in lower overall costs when multi-
ple options are considered. Another factor is that the flexibility· 
. • I 
of a computer will result in a lower cost to perform the modification 
at a later time than would have been otherwise encountered, 
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Software . r· 
The costs discusspd earlier represent only costs associated 
with hardware. These costs should not. be confused with total system 
- · costs since software plays a major part :1.n any analysis. While many 
programs are ·Tstandard (such as the operating system) many others are 
special application programs that,· ~-1hile the techniques and methods 
are not new, must be recorded ~ogive desir~d results. 
·Software cannot be e$1uated in the same terms as· the hard-
ware. Software is written for one lo.·oa-tion. and then used at all 
additional installations at no addi ti·onal cost. 
Table 5 shows estimated software costs including programming 
costs, pro'ject managem·e.n.t c-os.t.s and. overheads, 
The per remote -figure represents the costs averaged over 50 
remotes (10 installed per year for a five year period). It should be 
noted that this cost varies depending on the number of)locations but, 
nevertheless, is very small compared to hardware costs if many in-
stallations are installed. 
.\ 
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Function 
Base 
Option 1 
Option 2 
Option 3 
Option 4 
Option .5 
Option 6 
Option 7 
Total 
. ' ;-. I 
' ' 
* 
SOFTWARE COSTS 
Total 
$15,000 
. ' ' . 
t - -, •• , 
15,000 
10,000 
10,000 
10,000 
30,000 
.5,000 
5,000 
$ 100,000 
t- · ... 
* Per Remote 
$ 300 
. ' 
... •. ..,~ ·--~?.::-·,:it.I._,\,,-. 
• 'o - • 
300 
200 
200 
200 
600 
100 
100 
$2,000 
Based on 10 installations per year for a 5 year span 
(total 50). · 
TABLE 5 
'I 
, I' 
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Additional Benefits 
The previous· two sections on hardware and software economic 
factors do not tell the entire story of the computer system. Many. 
benefits are not available with the hardwired system. These benefits· 
' 
must be. assessed to provide a fair comparison. These benefits were -
discussed under ... proposed applications and are. summarized in table 6. . 
. 
In addition, the-computer system has several general advant-
ages.over hardwired systems. One of these is since hardware is shared 
fo:r: ... s.ev.eral. functi.ons, duplication -i~ -~li~ina·t~d and;~~thua .. r.e.liabili:ty_. ·~·.- ~ ., 
increases. Computer system diagnostic routines also help aid in 
lessening the mai~tenance taslc should a failure occur. Another 
advantage is that when modif-ications are made to the station at a 
:ta.ter date, the flexibility of the computer will result in a lower 
cost than would have been incuri'ed otherwise • 
There are also several disadvantages to the computer system. 
·tha t should be noted. One of these is that in comparison with the 
functions described in the base system, the hardwired system has a 
much higher reliability factor and a lower maintenance requirement. 
Another item is that a computer system requires special environmental 
conditioning to work in a power substation. This includes air condi-
tions, shielding and special signal conditioning. This type of condi-
tioning is not needed for the basic hardwired systems but when more 
advanced functions such as supervisory control or fault recording are 
performed using electronic equipment, conditioning begins to be needed 
~,. 
similiar to that required by the computer system. 
,-,. . 
Base 
. . . 
~:.,.l,•~".:.-,,...,_,:-,' ~ t, ~1",~ :".t•t • .,\, ~f,1";'.~ .. - • .,.-~;· ~ :~·',- .L/' / .. ;.l;.:-:_"\•;· _¥',~ • .-'_:...,,. .. ,.,.:,~. ,.>l'k:., 
Option 1 
Option 2 
Option 3 
Option 4 
Option 5 
Option 6 
Option 7 
0 
i . 
.· 
ADDITIONAL BENEFITS 
1 ) __ Central control, indication, and instrumentation. 
2 Eas~ in changing time base of integrated readings. 
3 Ease in changing breaker reclosing time cycle. 
4 Ease in changing ewclosure requirements for different 
operating configurations. 
5) Accounting of transient alarms. 
.. ''f 
6)- ·rndi cation· of·· ·rai'lure ,. of one · phase··.,·to- operate-.·-~ · .~,, ··- ~ ··: ·· ;,.I ·"-~ 
1) Uniform load reports. 
2) Reduced chance of error due to recopying data for load 
reports. 
3) Larger volume of more accurate data available. 
4) Flexibility of load shedding. 
5 Automatic load restoration. 
6 Better capacitor control. 
7 More extensive circuit integrity cheeking. 
1 Greater data retrieval base, 
2 Past data retrieval. 
3 Transmission of data from master to remote, ,:-: 
1) The entire ft.m.ction. 
1 Greater resolution. 
2 More channels. 
3 Equipment maintanee guidelines. 
1) Real time data and answers. 
1) Extension of load shedding program. 
1 ) Greater flexibility 
TABLE 6 
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CHAPTER 8 
l.,UQNCLUSIONS 
In the introduction several shortcomings and deficiencies in 
present substation circu:ttry were point~ed out, The question w·as then 
rosed as to what could .be dor1e ~.o solve these shor.tcomings and to off er 
more efficient operations. A local substation computer was proposed. 
It can be seen from the preceding sections that such a com-
;,., .,,,J __ ._ ... • -~-- .,,.·w ..'.· · -· · ·· ···- · pu~e:'I"- can ~upl:,\ ·eat·e ma·~·y····pr· esn."'ft..a.... ·ci·r· c~~~·ts·· ··a·nd··-, ... ca·n·~·,·"·i·n·····a.d·d1·-t1·-~·on--···'·'"-P~'Arm-· ... ,. .. ,,. .. ·~ .- . ~-·-1-u.,.·11. ,...,:~.-...... :,,... ...... ,-'._· .. ~-~~~- ~ · ::tt .J;:'.- ....... · . , ~ ...... ~ .... ··u , --- ·J.- . ,, .1·1~ · 1;. • ~o-~ i:-.,u ... · · u..i. - , ~.L-J. v ,· 
1. 
,I ' 
other desirable functions. In addition the computer can be economic-
~lly justified by combining functions. 
While· this pa.per demonstrates the solution is feasible and 
economically practical, more development work is necessary before the 
proposed system can be utilized. The major step in this development 
is to precisely define what is to be done by each function. One 
example of this is that to perform the load-shedding function a precise 
definition of what constitutes a trip condition is necessary. This 
definition must take into account all conditions that may result in 
a misoperation such as a load consisting of large induction motors 
that may cause a legitimate momentary variation of frequency. After 
the functions ar~ defined the application programs can be written and 
implemented. 
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